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ABSTRACT

Optical filtering elements having two opposed surfaces
and including at least one thin layer of stable non-reflec
tive fluorescent material provide transparent articles
which, when exposed to incident electromagnetic radia
tion at one surface of the fluorescent layer, absorb cer
tain wavelengths within the fluorescent layer and emit
other wavelengths at the opposed surface of the fluores
cent layer. In preferred embodiments, when radiation
(light) in the visible range (about 400 nm to about 700
nm) is incident on the element from one side, certain
wavelengths of radiation which transverse the element
are absorbed in the fluorescent layer and other radiation
of greater, but also visible wavelengths are emitted from
the opposed side without fluorescent light being re
flected by the fluorescent layer at the incident side.
Methods of forming such optical filtering elements in
clude providing a thin coating or layer including stable
fluorescent material on an optical element by means of
a solution or coating composition including stable fluo
rescent material, forming transparent sheets or films
containing stable fluorescent material and utilizing them
as optical filtering elements or incorporating them in an
optical structure, or in other ways incorporating thin
layers of stable fluorescent material within an optical
element. In order to avoid glare and reflection of fluo
rescent light at the incident side, preferred embodiments
require layers of stable fluorescent material which are

about 1 mil (0.0254 mm) or less in thickness.
29 Claims, 12 Drawing Figures
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OPTICAL FILTERING ELEMENT

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This application is a continuation-in-part to applica
tion Ser. No. 917,081, filed June 19, 1978, and now
abandoned.

BACKGROUND OF THE INVENTION
1. Field of the Invention

2

light. Therefore, such fluorescent dyes have not nor
mally been thought of as being suitable for use as energy
absorbing dyes in sunglasses. Additionally, the utility of
many fluorescent dyes, whether stable or not, is dimin
ished, in a practical sense, by their transmission charac
teristics in the visible region. Only a limited number of
fluorescent dyes or combinations of fluorescent dyes,

display the broad absorption and emission characteris

10

tics needed for a useful filtering lens in the visible radia
tion region.
It has now been determined, experimentally, that
even when stable fluorescent dyes are used in sun
glasses, that they surprisingly and unexpectedly are
unsatisfactory for normal human wear and use because
they reflect a distasteful fluorescent glow, often in a

The invention relates to optical filtering elements and
is more particularly concerned with optical lens ele
ments including transparent fluorescent materials,
which elements absorb visible radiation of certain 15
wavelengths and emit and transmit radiation at longer, harsh red color.
but also visible, wavelengths without reflecting substan
Also in the prior art, U.S. Pat. No. 3,426,212 discloses
tial amounts of radiation.
systems for substantially modifying the wavelengths of
2. Description of the Prior Art
radiation, consisting of at least two layers, each layer
Ordinary radiant energy, such as that provided by the 20 containing
fluorescent substances which fluoresce at
sun, is normally grouped into three regions, the near
wavelengths, so that light transmitted and
ultraviolet (about 300-400 nm), the visible (about different
fluoresced to a different wavelength by one layer im
400-700 nm) and the near infrared (about 700-4000 nm). pinges
the second layer which further fluoresces and
Many types of optical filtering elements are provided furtheronmodifies
the wavelength, the two wavelength
25
for various purposes, but by far, the most common type
of optical filtering element used with these wavelengths modifications generally being in the same direction. The
is that utilized in a sunglass lens. An important require systems disclosed by this reference are not intended for
ment for sunglass lenses is that they absorb significant human eye wear and indicate no knowledge of or con
for fluorescent glare or critical minimum thick
amounts of visible radiation. Natural daylight or sun cern
light includes a nearly uniform distribution of light 30 nesses to avoid such glare.
U.S. Pat. No. 3,214,382 discloses an optical system
energy over the visible region. Absorption of or reduc
tion in the transmission of visible light has been including phosphorescent material, but does not teach
achieved, for example, by the use of lens systems em the use of fluorescent material in such a system.
U.S. Pat. No. 2,113,973 discloses a fluorescent layer
ploying various dyes, opacifiers (such as dyes and thin
metal coatings) and/or polarizing materials, either alone 35 including unstable rhodamine B which is somewhat
or in various combinations.
protected from decomposition by use of a light filter
Dyes which absorb transversing light well in the which absorbs much of the radiation which causes de
visible portion of the spectrum have been used in optical composition. The systems taught by this reference are
systems, including sunglass lenses. The primary crite intended only for fluorescent reflection and not for light
rion for selection of such dyes has been their ability to 40 transmission. The reference indicates no intended use
absorb broad bands of radiation energy with minimal for human eye wear and indicates no knowledge of or
alteration of the spectral distribution of the radiation. concern for fluorescent glare or critical minimum thick
However, the desired decrease of light intensity which ness to avoid such glare.
is provided by dyes which produce broad band visible
Of other interest, although non-anticipatory of the
radiation absorption can have the detrimental effect of 45 present invention, are U.S. Pat. Nos. 2,498,593;
lessening color perception and visual acuity. Such prior 2,386,855 and 2,851,423. Canadian Pat. No. 504,529;
art dyes have not been known to be capable of provid United Kingdom Pat. No. 569,920; Shah, J. et, al., “Ex
ing multiple band re-emission or fluorescene of the ab cited-State Absorption Spectrum of Cresyl Violate Per
sorbed radiation which is why they lessen color percep chlorate,' Appl. Phys. Lett, 24(11), pp. 562-564 (June,
tion.
50 1974) and Chem. Abstracts, 85: 114369n, Drexhage, K.
Certain optical systems utilizing fluorescent dyes are et. al., “New Highly Efficient Laser Dyes.”
known. So-called "aura' glasses have utilized unstable
SUMMARY OF THE INVENTION
spectral sensitizing fluorescent material, such as pinacy
anol bromide, but have no practical visual utility as
In accordance with the practice of the present inven
sunglasses as the fluorescent material is unstable and the 55 tion novel transparent optical filtering elements are
thickness of the fluorescent layer is such that light fall provided which include thin layers of stable fluorescent
ing on them is reflected as fluorescent radiation. In laser materials. In preferred embodiments the elements both
systems, certain fluorescent dyes in a liquid solution or absorb and emit visible radiation by transmission. Such
carrier, have been utilized in optical elements to pro optical elements are ideally suited for use as sunglasses,
duce lasing effects. Such dye systems are required to be 60 but can also be utilized in ski goggles, underwater
liquid in order to be pumped or replenished. Other laser lenses, greenhouse windows, welders' goggles, and in
systems utilizing fluorescent dyes in solid optical ele optical systems including cameras, projectors, enlarg
ments have been provided as a part of a waveguide ers, photocopying systems, microscopes, binoculars,
structure to receive lateral, as opposed to transversing and telescopes. Additionally, they can be utilized in any
light.
65 optical system in which optical filtering or absorption of
Dyes which absorb visible radiation and fluoresce in a portion of the visible spectrum is required.
the visible spectrum are generally chemically unstable
In the preferred practice of the present invention,
and subject to photodegradation, for example, in sun extremely stable fluorescent dyes, including the oxa
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3
zine, carbopyronin and carbazine families of dyes, are:

4.
acetate butyrate. In some instances, thermosetting res

ins, including, allyl cast plastics such as the common

utilized to provide the desired absorption and emission
of transmitted light.

optical material allyl diglycol carbonate, certain epoxies

In operation, when visible electromagnetic radiation

and polyester resins may be used.

traverses an optical element including a thin layer or
coating of fluorescent material, the radiation is not pri
marily scattered, reflected as fluorescent light or glare,
nor distorted by the fluorescent material. Rather if the

In the practice of the present invention, the fluores
cent material is associated with the optical element by a
variety of means. In some embodiments fluorescent
material is coated as a thin layer, preferably 1 mil or less
in thickness on the optical element either as a wash

in the composition absorbing energy and shifting to a
higher energy state, followed almost immediately, by

eliminate or minimize distasteful light scattering ob-.
served in films and coatings exceeding 1 mil in thick

thickness of the fluorescent layer is properly selected,
say 1 mill (0.0254 mm) or less, the radiation enters at one 10
side and is absorbed to a greater or lesser degree by the solution from a solvent or as a coating, including a
fluorescent material and then re-emitted at the opposite suitable binder. In other instances, the fluorescent mate
side at a different but longer visible wavelength. This rial is included in a discrete film. Such a film can be used
absorption and emission reduces the energy of the trans by itself, in the practice of the present invention, or the
versing light. Thus, fluorescent materials reduce light 15 film may be associated with another optical element, for
intensity and emitted light which appears to be trans example, by binding it to the element, resolving it to a
mitted light shifted slightly, yet significantly, towards plastic element, heat forming it in association with other
longer wavelengths. However, by controlling the thick portions of an optical element or laminating it in associ
'ness of the fluorescent layer, distasteful, harsh fluores- : ation with one or more portions of an optical element.
20
cent glare and reflection is avoided.
As is well known, fluorescence results from electrons In any case, the fluorescent material is present as a thin
layer or coating, preferably 1 mill or less in thickness to

release of energy by the shifted electron and the return

of the electron to a lower energy level or to its ground. 25

state. Energy released by the electron as it returns to
lower energy levels is at a different, but longer, visible

radiation wavelength than the wavelength of the en
ergy absorbed.

In the practice of the present invention it is especially
desirable that the fluorescent materials utilized in the
thin non-reflective layer be stable and have a high quan
tum efficiency so that a significant percentage of the
excited electrons return to their ground state with emis

30

40

Surprisingly, it has been determined that optical ele

ments prepared in accordance with the teaching of the
present invention serve not only as excellent absorbers
of visible radiation, such as sunlight, but, unexpectedly,
also serve to increase a user's color perception, spectral 45
sensitivity and acuity over that experienced with prior
art optical filtering elements. In those instances where it
is desirable to shift the sensitivity maxima of the eye to
longer wavelengths than normal, the optical elements of
the present invention provide that facility. It has also 50
been discovered that such shifts are useful for increasing
visual acuity in fields of vision which normally reflect
light in only a narrow region of the visible spectrum,

such as a bright sky. At the same time such systems can

avoid the appearance of harsh distasteful fluorescent
glare by controlling the thickness of the fluorescent
layer.
In the practice of the present invention, the optical

elements may be composed of various optically suitable
plastics, or they may be composed primarily of glass, or
other vitreous material. Included among the useful opti
cal plastics are thermoplastic synthetic resins, including
methyl methacrylate and related acrylic resins, polysty

rene, styrene-acrylonitrite, polycarbonates, vinyl resins
such as polyvinyl butyral, ionomers and monochlorotri

fluoroethylene resins; cellulose derivatives, including
cellulose acetate, cellulose nitrate, ethyl cellulose and,
the most commonly used sunglass plastic, cellulose

.

8

Where the fluorescent material is dichroic, it is possi
ble, for the material to provide the dual function of
fluorescence and polarization. This is accomplished by,

for example, forming a transparent, linear, polymeric
plastic sheet in which the dichroic fluorescent material,

is dispersed, rendering the sheet elastic, extending and
then setting the sheet.
Preferred embodiments of the present invention uti

sion of visible longer wavelength radiation. An optical 35
system employing at least one layer or thin film includ
ing at least one fluorescent material will emit one or
more fluorescent radiation band which appears to be
transmitted light upon its exposure to and absorption of
visible light.

ness.

55

lize fluorescent dyes which are stable and are not de

graded quickly or easily, for example, by sunlight.
These include many stable members of the oxazine,
carbazine, and carbopyronin families and stable mem
bers of other dye families, for example, Fluoral 555,
stable coumarins such as 1,2,4,5,3H,6H,10H-tetrahydro
8-trifluoromethyl (1), benzopyrano (9,9a, 1-gh)quinoli

zin-10-one and 1,2,4,5,3H,6H,10H-tetrahydro-9-carbe
thoxy(1)benzo pyrano (9,9a, 1-gh)quinolizin-10-one, the
first available from Exciton Chemical Company, the
latter two available from Eastman Kodak Company as
EK #14371 and EK #14373, respectively.

Stable and preferred fluorescent oxazines include
cresyl violet perchlorate, (5,9-diaminobenzo(a)phenox
azonium perchlorate), nile blue A perchlorate (5-amino
9-diethylaminobenz a phenoxazonium perchlorate); and

oxazine 170 perchlorate (9-ethylamino-5-ethylamino
10-methyl-5H-benzo (a)phenoxazonium perchlorate),

available from Eastman Kodak Company as EK
#1 1884, EK #11953 and EK #14375.

-

Stable fluorescent oxazine, carbazine and carbopyro
nin dyes which are useful in the practice of the present
invention can be represented by the following generic
structural formulas:

60
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-continued

6
-continued

II

R10
N
2

/
N
N

O

wherein

10

H

H

R, R2, R5, and R6 each represent a member selected

from the group consisting of a hydrogen atom; a lower
alkyl radical; a lower alkoxy radical; a lower alkyl radi
cal containing one solubilizing substituent from among
the group -SO3H, -COOH, -OH, and -NH2; and 15
R1 and R10, R2 and R3, R5 and R', and R6 and R7 each
represent a pair of atoms which, when taken together,
represent the carbon atoms necessary to complete a
fused 5-, 6-, or 7-membered heterocyclic ring;
20

CH3

R3, R, R7, R8, R9, and R10 each represent a member
selected from the group consisting of a hydrogen atom;
a lower alkyl radical; a lower alkoxy radical; an aryl

group; a halogen atom; and R7 and R8, and R9 and R10
each represent a pair of atoms which, when taken to 25
gether, represent the carbon atoms necessary to com
plete a fused 5- and 6-membered carbocyclic or hetero
cyclic ring;
Z - represents an anion;
A represents an atom selected from the group consist
ing of oxygen; sulfur; and selenium;
B represents a member selected from the group con
sisting of a hydroxyl radical; a thiol radical; a selenol
radical; and an amine radical;

D represents a member selected from the group con
sisting of an oxygen atom; a sulfur atom; a selenium

30

35

atom; and a carbon atom with two additional substitu

ents each being a member selected from the group con
sisting of a hydrogen atom; a lower alkyl radical; an 40
alkoxy radical; a thioalkyl radical; C-1 and C-5 of 3-oxo
1, 4-pentadiene; and C-2 and C-6 of 4-oxo-3,5-dimethyl
2, 5-heptadiene;
E represents a member selected from the group con
sisting of a nitrogen atom; a phosphorous atom; a car 45
bon atom with one additional substituent selected from

the group consisting of a hydrogen atom; a lower alkyl
radical; a one to three ring aryl radical; a heterocyclic
ring; C-2 of a benzoic acid radical; and C-2 on the aro

matic ring of an ethyl benzoate radical.
Specific stable fluorescent visible absorbers embraced
within the above formula include dyes consisting of the

chemical compounds described by the following struc
tural formulas which, for convenience, are used as rep
resentative of the various resonating structures of the

50

55

dyes:

60

wherein:

Z- represents an anion;
Y-- represents a cation.
The stable compounds of Formulas I and II have
been found to possess exceptionally desirable spectral
absorption and fluorescent emission characteristics.
They have also been found to have a primary absorp
tion maximum in the upper middle or yellow region of
the visual range and also a secondary absorption maxi
mum in the short end of the visual range, primarily in
the violet. Coupled with the above mentioned absorp
tion maximum, there is re-emission of the absorbed

C

energy at a primary fluorescence maximum in red re
gion of the visible, along with a secondary fluorescence
65

maximum in the blue region of the visible.
The choice of stable fluorescent materials, blends of
stable fluorescent materials, or the combination in a
system of fluorescent materials with other dyes or tints

4,320,940
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may vary in the practice of the present invention. Gen

erally speaking, the present invention contemplates the
inclusion of a thin layer including any one or more
stable fluorescent materials in an optical filtering ele
ment. In some embodiments of the invention, such as in
sunglasses, both the color of the fluorescent material

8
the optical element and the light transmission and ab

sorption characteristics of other portions of the optical

element. The most effective manner in which to charac
5

and the color change which the fluorescent material
imparts to the light transmitted through the element
becomes an important consideration. In such situations

in which the color characteristics of a broad portion of
the spectrum are important, it is especially beneficial to
utilize one or more dyes or tints in combination with the
fluorescent material. Where it is desirable to provide
color transmission and enhancement over the broad
range of visible light, this may be accomplished, for
example, as shown in some of the following specific
examples, by combining in the optical element stable
fluorescent cresyl violet perchlorate, stable fluorescent
nile blue A perchlorate and stable Fluoral 555, a fluores
cent yellow tinting dye. A combination of stable fluo

10

15

20

rescent materials and tints, such as this, or similar com

binations, provide broad band absorption and fluores
cent emission characteristics, with each of the fluores
cent materials having specific absorption and fluores
cence maximas, and with the stable fluorescent yellow
tinting dye utilized to emit light in the areas of the spec
trum absorbed, for example, by the stable fluorescent

25

cresyl violet perchlorate and/or nile blue A perchlo
rate.

Stable cresyl violet perchlorate, nile blue A perchlo
rate, and oxazine 170 perchlorate are especially useful in
the production of optical filtering elements to be used in
sunglasses. This is due to the fact that each gives color
enhancement to two or more different visible wave
lengths.

30

35

Nevertheless, each of these fluorescent materials,

when used alone in an optical element, cause an alter
ation in the spectral distribution of light. However, it
has been found, that by adding a stable fluorescent yel
low or green tint to optical filtering elements, including
one or more of these stable fluorescent materials, the

40

terize the amount of fluorescent material utilized in an
optical filtering element is in terms of its average light

transmission or absorption. The utility of this manner of
characterization is due to the fact that expression of the
amount of fluorescent or other materials in terms of
concentration may tend to be imprecise. This is due to

the fact that light absorption and transmission is af.
fected, not only by the type of dye and its concentra
tion, but also by the thickness of the fluorescent material
coating through which the light is transmitted. It is
therefore the desire of the present invention to provide
optical filtering elements which, in combination with all
of the portions of the element, reduce average visible
light transmission by an amount in the range of about
10% to about 99%. In most preferred embodiments,
such as in sunglasses, a 50% to 90% reduction in aver
age light intensity is preferred.
Stated in terms of conventional concentrations, for
coating thicknesses in the range of about 0.0254 mm to
about 0.00001 mm, and in the absence of other light
absorbing portions in the optical element, the fluores
cent material may constitute as little as about 10 parts
per million to as must as about 10,000 parts per million
of a coating composition. However, it must be remem
bered that the exact amount of dye utilized in coatings
will vary in accordance with the specific dye utilized,
the thickness of the fluorescent material coating, and
the light transmission characteristics of the other por
tions of the optical element.
In the formation of the various preferred filtering
elements, it will be appreciated that the thickness of the
various coatings of the stable fluorescent dye containing
layers is critical if harsh and distasteful reflected glare is
to be avoided. The thickness is preferably as thin as

possible, and normally less than 1 mil. Concentrations of
dyes are normally as dilute as possible for reasons of
economy, and weight, and to minimize light scattering
caused by the various layers and dyes.
Many variations in the optical filtering element struc
ture are contemplated and included within the scope of
the present invention. The present invention is intended
to include any structure in which a stable fluorescent
material containing layer, having a thickness which
avoids distasteful reflected glare, is incorporated or

spectral distribution is restored to a high degree of nor
mality. Therefore, although dye blending and tinting is
not required by the present invention, it is of value in
preferred applications, such as sunglasses for human 45
use. At the same time, such sunglasses avoid harsh and
distasteful fluorescent glare by controlling the thickness
of the fluorescent layer.
In the use of the dyes and binders, virtually any non included within an optical filtering element. Such struc
interfering solvent suitable for the dye and binder may 50 tures include the combination of the fluorescent mate
be utilized. In practice, the most practical method of rial within the optical element, and the wash coating,
dissolving the stable dyes may be to dissolve them in binder coating, or laminating of the material to one or
solvents such as dimethylformamide, followed by dilu both surfaces of a two-sided optical element. Other
tion with the solvent of choice for the binder system. useful structures include coating both surfaces of an
Other solvents having utility for the stable dyes include, 55 optical element with either the same or different dyes,
but are not limited to, isobutyl alcohol, acetone, diace including the variation in which either one or both of
tone alcohol, N-methyl-2-pyrrolidone, cellosolve, pyri the dyes is fluorescent. In other modifications a fluores
dine, piperidine, dicyclohexylcarbodiimide, dimethyl cent material containing layer may be utilized by itself
sulfoxide, ethanol, ethylene glycol, isopropanol, metha or laminated between two other optical elements. The
nol, methyl ethyl ketone, toluene, xylene and 1-formyl 60 present invention also contemplates utilizing other art
piperidine.
known optical structures and techniques. Furthermore,
Where desired compatable commercial surfactants, the utilization of the fluorescent material containing
such as Igepal and Triton may be included in the dye optical elements of the present invention with other
solutions.
dyes, optical opacifiers and/or optical polarizing ele
The amount of fluorescent material utilized in the 65 ments, either as a portion of an element separate from
practice of the present invention may vary over a broad the fluorescent material, or in combination with the
effective range, and will vary depending upon the man fluorescent material, is contemplated by the present
ner in which the fluorescent material is associated with

invention. However, it has been noted that when non

9
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stable or impure materials are in contact with stable

EXAMPLE I

dyes the stable dyes may tend to deteriorate.

In any event, the various embodiments of the present
invention provide absorption of visible radiation for the
purpose of decreasing overall light intensity. Depend
ing upon the fluorescent material utilized, and the other
non-fluorescent dyes, opacifiers or polarizers included

10

Referring to FIG. 1, one form of optical filtering
element 2 was prepared as follows. Pure fluorescent,
stable laser grade cresyl violet perchlorate (5.9diaminobenzo(a)phenoxazonium perchlorate), obtained
from Eastman Kodak Company as Laser Dye Catalog

No. 1 1884, was formulated directly into a plastic carrier
by dissolving 0.30 g of the fluorescent dye in 5 ml di
10 methylformamide, diluting this solution with 5 g dime
thoxyethel phthalate. The resultant solution was then
added dropwise to a melted 100 g sample of cellulose
acetate butyrate (CAB) on a two roll mill. After approx
thickness of the fluorescent layer.
In virtually every form used, the present invention imately three minutes of milling, the dye was com
provides increased color contrast in the field of vision 15 pletely and evenly dispersed throughout the CAB. Sub
and increased visual acuity in environments which nor sequently, the mixture was withdrawn from the mill and
mally have low contrast, such as snowfields or bright allowed to cool.
A thin sheet was formed by hot pressing a portion of
skies. This latter property makes the use of the present
invention especially attractive for incorporation into 20 the CAB-cresyl violet perchlorate mixture between two
sunglasses, ski goggles and glasses utilized by airplane ferro-type plates to a thickness of about 0.01 inches
(0.254 mm). At this thickness, when viewed in sunlight
pilots. It is contemplated that it may be desirable to from
more than about 10 inches (25 cm) away, the film
produce portions of or whole windshields of a vehicle gave
a harsh fluorescent, almost blood red glow.
in accordance with the present invention. The present Whenoff
formed
into a lens, placed in the eyeglass frame
invention is also useful in some forms of microscope 25 and worn, the wearer
appeared grotesque and unnatural
wherein the amount of available light is limited. The due
to
the
glow
and
the
color of the lenses. However,
same quality may be utilized in optical elements utilized
the sheet was calendered to produce film element
in binoculars and telescopes. When incorporated into 2,when
just less than about 1 mil (0.0254mm) no such fluores
the optical elements of photographic equipment, by cent
glow or color was observed from the film and the
selection of the fluorescent dye utilized, the equipment 30 resulting
sheet 2 was of excellent optical filtering qual
may be tuned to bring out, alter or compliment specific ity. Examination
indicated that the cresyl violet per
colors or combinations of colors. The optical elements chlorate remained completely dispersed in element 2
of the present invention may also be utilized in projec without apparent crystallization, color degradation, or
tors, photocopying devices and greenhouse windows. noticeable bleeding to the surface. Optical filtering ele
However, despite all of these collateral uses, it is con 35 ment 2 was purple in color, and upon examination was
templated that the broadest and more practical field of found to reduce the average transmitted visible light by
use of the present invention will be in sunglasses for use about 67%. When used in a "sunglass' 4 as optical lens
under conditions of natural daylight to decrease visible 6, this composition was found to increase the color
light intensity while at the same time avoid distasteful sensation of the sunglass user, especially for reds, or
glaring appearance and preserving or increasing the 40 anges, golds and browns. An especially dramatic effect
color sensation of the user, as compared with the sensa was apparent to users on viewing natural woods and
tion experienced with prior art sunglasses.
normally dull red objects such as stop signs and lights.
A
natural outdoor scene viewed through lens 6 was
BRIEF DESCRIPTION OF THE DRAWINGS
perceived
by users as overall cool blue-white, with
The various objects and features of the present inven 45 visual acuity and contrast increased in areas where
tion will be more fully understood from the following shades of brown, brown-red, and gold-brown intermin
detailed description of preferred embodiments and ap gled. The use of lens 6 to view blue objects such as the
plications thereof, throughout which description refer sky resulted in the sensation to the user of a more color
ence is made to the accompanying drawings, in which: 50 rich environment then when the same scene was ob
FIG. 1 is an exaggerated diagrammatic cross-sec served with the naked eye. This effect was particularly,
tional view of one form of an optical filtering element dramatic in increasing acuity when bright skies and
produced in accordance with the teaching of the pres scattered light clouds normally make it difficult to dis
cern the sky from the clouds since lens 6 caused the blue
ent invention.
FIG. 2 is a partially exploded perspective view show 55 areas of the sky to appear much deeper in color, thus
its contrast with the white clouds.
ing one means by which an optical filtering element of increasing
Film
2,
by
itself, was quite fragile as lens 6 in sunglass
the present invention in the form of a lens may be asso 4. For practical
day use it is laminated to a rigid clear or
ciated with an eyeglass frame.
tinted
lens
to
provide
a structure which is resistant to
FIGS. 3 through 12 are exaggerated diagrammatic
cross-sectional views of other forms and modifications 60 mechanical damage.
It will be apparent that not only film 2, but any of the
of the optical filtering element of the present invention, other
following described structures can be used as lens
in the element, the sensation of certain colors is en

hanced, for example, in comparison to the sensation
obtained using prior art sunglasses, at the same time that
the average light intensity is decreased and harsh and
distasteful reflected glare is avoided by controlling the

all of which may be utilized in the structure of FIG. 2.

6 in FIG. 2.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS

The following examples show by way of illustration,
and not by way of limitation, the preparation of optical
elements in accordance with the present invention.

EXAMPLE II
65

Another form of optical filtering element was pro
duced as follows. To a solution containing 50 ml cello
solve acetate, 50 ml acetone, and 2.5g dissolved cellu
lose acetate butyrate was added 5 ml of a solution of 0.7

11
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glaser grade cresyl violet perchlorate in 95g dimethyl
formamide. Referring to the cross-section shown in
FIG.3, which is not to scale, the resulting lacquer was

applied by airbrush as coating 12 having a dry thickness

of about 0.001 mm to a clean glass optical element 14. In

its preparation, coating 12 was allowed to air dry for 5
minutes, and then was dried further by heat in an oven

for 15 minutes at about 82 C. Resulting optical element

16 had transmissive and visual properties similar to the
element 2 of Example I. However, the method of this
example allows for variation in the optical density of the

12

dye in coating 28, or, as shown in FIG. 6, not to scale,
coating both sides of the element with yellow tinting
lacquer 28. While not shown, in preferred embodi
ments, a thin barrier layer of, for example, clear CAB or
adhesive is applied between top adjacent layers 24 and
28 to avoid contamination of the pure, stable fluorescent
dye in layer 24. Contamination results in the destabiliza
tion of the stable fluorescent dyes, lead to their degener
ation, and thus to the loss of the improved visual quali

10 ties of this invention.

element 16 by controlling the thickness and concentra

Optical elements 22 shown in FIGS. 5 and 6 which
were produced from these variations of FIG. 4 had

the thickness of about 0.02 mm. Optical element 22 of
FIG. 4 stamped from this sheet had properties similar to
that of Example I, but is was noted that the combination

creased sensitivity to light and tended to degrade. Nev
ertheless, the composition of this example has utility for
occasional use or for use in areas of limited light, such as
microscope lenses.

tion of coating 12 applied to glass substrate 14. Thick colors similar to commercial sunglass lenses. However,
nesses ranging to as little as about 0.0001 mm, and less, scenes viewed through them provided a perception of
can be obtained by this technique. However, in all in 15 enhanced color due apparently to the effects of the
stances, thickness of the fluorescent layer 12 is kept fluorescent materials incorporated in layer 24. In scenes
below the level at which fluorescent glow and harsh of low light level (sunrise, sunset, cloudy skies) whereas
glare is observed.
.. . . . . .
normal commercial and polarized sunglasses reduced
color perception and therefore visual acuity, optical
EXAMPLE III
20 elements 22 provided overall reduction in light intensity
Several different forms of optical filtering element without loss of color perception and with increased
were prepared from the following coating solution of contrast. Scenes with blues, blue-greens, browns, reds
fluorescent material, prepared by combining 32 g diace and oranges were found to be especially attractive,
tone alcohol, 45g methanol, 17 g isopropanol, 6 g cellu bright and warm. . .
lose acetate butyrate, 0.086 g cresyl violet perchlorate, 25
EXAMPLE IV
and 0.017 g Eastman Kodak Company Laser Products
Catalogue #11953 pure, fluorescent, stable, laser grade
In a modification of Example III, the acetosol Yellow
nile blue A perchlorate (5-amino-9-diethylaminobenz RLSN
tinting dye was added directly, to the cresyl
(a)phenoxazonium perchlorate). Referring to FIG. 4, violet perchlorate,
nile blue A perchlorate lacquer mix
which is not to scale, optical element 22, shown in 30 ture. The lacquer resulting from this combination was
cross-section, was prepared by casting the above solu initially found to produce results essentially identical to
tion as layer 24 onto 0.06 inch (1.5 mm) thick poly those produced in Example III, FIGS.5 and 6, in which
methyl methacrylate sheet 26 using a standard 0.008 the fluorescent and yellow tinting coatings were coated
inch (0.2 mm) slotted draw bar. The resulting plastic separately. However, it was determined that the other
sheet was air dried 5 minutes and then oven dried for an 35 wise fluorescent dye material in the element had in
additional 30 minutes at about 93 C. to a sheet having

of cresyl violet perchlorate and nile blue A perchlorate

in fluorescent layer 24 provided the appearance of more

40

balanced color to the user than did the use of cresyl
violet perchlorate alone in the fluorescent layer. Optical

EXAMPLE V

This example illustrates another form of optical ele

ment and the variety and interchangeability of materials
which can be used to produce an optical filtering ele

filtering element 22 was found to contrast the difference

between bright blue sky and white or grey clouds even 45 ment. Referring to FIG. 7, not to scale, optical element
more than the composition of Examples I or II.
32 includes fluorescent material 34 in an interior posi
The compositions of Examples I, II, and III were tion of element 32. A coating solution was prepared by
found to have excellent light stability when tested by mixing 57 g : sec RS Nitrocellulose, 30 g ethyl acetate,
accelerated light exposure in laboratory temperature 13 g butyl acetate, and 0.10 g pure, stable, fluorescent,
and humidity chambers. It was found, for example, that 50 laser grade cresyl violet perchlorate. This solution was
less than 10% of the dye was degenerated after approxi then cast onto a sheet of allyl digylycol carbonate using
mately one year's equivalent sunlight exposure.
a slotted draw bar. After drying to a thickness of about
It was found that the composition of Example III 0.008 mm, the resulting fluorescent material containing
could be easily modified to produce other color effects, film was laminated to and between a second allyl
and to produce optical filtering elements similar in ap 55 digylycol carbonate sheet using polyvinyl acetate
pearance and color to common grey and green com alcohol solvent based optical adhesive to produce ele
mercial sunglasses.
ment 32 in which fluorescent material containing coat
Referring to FIG. 5, which is not to scale, one such ing 34 is incorporated between the two outer layers 36
modification was made by coating the element 22 on the of allyl digylycol carbonate. Thus, in this form outer
side opposed to fluorescent composition 24 with a sec 60 layers 36 protect fluorescent material layer 34 from
ond tinting lacquer 28 prepared by mixing 32.5g methyl mechanical damage due to abrasion, wear and exposure
ethyl ketone, 40 g cellosolve, 10 g cellulose acetate to the elements.
butyrate, 25g Rohm & Haas Acryloid B-66 (40% solids

EXAMPLE VI

in toluene), and 1.25 g Sandoz Acetosol Yellow RLSN.

This yellow dye is stable, but is not fluorescent.
The overall color appearance of element 22 of FIG. 5
is varied from blue-grey to green-grey to green by the
expedient of varying the concentration of the yellow

65

A solution of fluorescent material and polyvinyl bu
tyral binder was prepared by dissolving 0.010g cresyl
violet perchlorate, 0.0017 g Eastman Kodak Company
fluorescent, stable, laser grade EK #14375 oxazine 170

4,320,940
perchlorate (9-ethylamino-5-ethylimino-10-methyl-5H
13

14

benzo(a)phenoxazonium perchlorate), and 10 g Butvar
B-74 polyvinyl butyral in 100 g of a solvent mixture
consisting of 5% water, 8% diacetone alcohol, 10%
butyl lactate, 12% ethanol and 65% glacial acetic acid.
Referring to FIG. 8, the resulting viscous casting lac
quer was drawn down in several different solvent con
taining coatings to thicknesses in the range of about
0.002 to about 0.008 inch (about 0.05 to about 0.2 mm)
on the untreated side of a commercial optical 0.015 inch
(0.375 mm) thick cellulose acetate butyrate (CAB) sheet
44 coated on one side with melamine abrasive resistant
coating 46. After partially drying for approximately 15

EXAMPLE VIII

10

minutes at 50 C. a second sheet of the CAB 44 abrasive

resistant coated was pressure laminated to the fluores
cent lacquer coating, abrasive resistant coating 46 out,
the cast film having sufficient tack to bond the films
together. The resulting filtering element 48, including
dry fluorescent material containing layer 42 having dry

thickness in the range of about 0.005 to about 0.02 mm,
had excellent optical qualities.

15

20

In a modification of this technique, the fluorescent
material containing solution was cast onto a release
coated glass surface and dried to a tough, coherent film
about 0.01 mm thick by heating at about 70° C. for one 25
hour. This film was then removed from the glass and
then laminated between two cellulose acetate butyrate
abrasive resistant coated sheets, as above. The lamina
tion was carried out in two operations using a polyvinyl

alcohol-acetate optical adhesive. The resulting optical
element was found to provide enhanced color and vi

EXAMPLE IX
30

sual acuity to the user.
The untinted versions of this optical element had

properties similar to those of Example III, the finished
element having the layer containing the fluorescent
materials protected from mechanical deterioration by
the hard-surfaced abrasive resistant coating.
EXAMPLE VII

Referring to FIG. 10, an optically excellent lens 59
was prepared by modifying an existing yellow tinted
methyl methacrylate commercial lens 60, in accordance
with the teaching of the present invention. Yellow
tinted methyl methacrylate lens 60 was removed from a
commercial sunglass, and immersed for 30 seconds (so
that both sides of lens 60 would be coated), in a solution
heated to about 51° C. containing 0.170 g laser grade
cresyl violet perchlorate, 0.05 g laser grade nile blue A
perchlorate, and 0.51 g yellow, stable, fluorescent, laser
grade Exciton Chemical Company Fluoral 555, 30 cc
spectro grade dimethyl formamide, 70 cc spectro grade
isobutyl alcohol, and 0.5 g Igepal CO 430 surfactant.
This lens was oven dried 30 minutes at about 82 C. The
resulting optical element 62, coated on both sides with
fluorescent coating 61, less than 0.0254mm in thickness,
exhibited a grey-green color. Element 62 was transpar
ent, non-reflective and of high quality.
Using the procedure of Example VIII, optical ele
ments having tints ranging from the original yellow
color of lens 60 to deep green colors can be obtained by
varying the concentration of fluorescent materials in the
dip coat, typically between a total of about 100 and 900
ppm, of the fluorescent materials by weight of the coat
ing solution.

35

This example provides an excellent sunglass element
62 of FIG. 11, not to scale. It can provide the same
color as the grey and grey-green lenses in vogue, yet
provides the user with markedly increased color per
ception and visual acuity as compared to commercial
sunglasses. A coating solution was prepared by dis
solving 1.42 g cellulose acetate butyrate, 0.0524 glaser
grade cresyl violet perchlorate, and 0.0104 glaser grade
nile blue A perchlorate in a solvent mixture consisting
of 31.6 g methanol, 31.6 g methyl ethyl ketone, 25g
cellosolve acetate, and 10.4 g cellosolve. A sheet 64 of
0.04 inches (1.0 mm) thick cellulose acetate butyrate
was coated on one side with this solution, allowed to air
dry 5 minutes, and then oven dried for about 15 minutes

A coating solution was prepared by dissolving 2.5g
cellulose acetate butyrate and 2.5 g Acryloid B-66
methyl methacrylate acrylic resin in a solvent mixture
consisting of 60 g methyl ethyl ketone, 25g toluene and at about 93 C. to form layer 66 which was about 0.005
10 g cellosolve. A fluorescent coating solution was 45 mm in thickness. The other side of the sheet was then
prepared by dissolving 0.05 g pure, stable, fluorescent, wash
coated with stable, non-fluorescent Schwartz
laser grade cresyl violet perchlorate, 0.01 g of fluores Chemical
LB Yellow Rez-N-Dye to form
cent, laser grade nile blue A perchlorate, 0.025 g of coating 68.Company
Depending
on the concentrations of the
ethyl antioxidant 360 and 0.025 g of Ciba-Geigy Tinu yellow dye, resulting optical
62 ranged from a
vin 326 ultraviolet absorber in 50 g of the butyrate-acry 50 blue-grey to a smoke color.element
Lenses
appeared
lic lacquer. A separate tint coating solution was then grey-green to green were also producedwhich
using
this
tech
prepared by dissolving 0.5 g stable, non-fluorescent nique. All lenses displayed superior color enhancement
Eastman Fast Yellow GLF in 9.5g of a 1:1 mixture of
methyl ethyl ketone and cellosolve, and adding this as compared to commercial sunglasses.
EXAMPLE X
solution to 40 g of the clear butyrate-acrylic lacquer. 55
The optical filtering element of FIG. 9, not to scale,
to FIG. 12, not to scale, the optical element
was then prepared using two sheets 52 of transparent 72Referring
of
this
example
prepared by first laminating a
styrene-acrylonitrile. One sheet was coated with fluo light polarizing sheetwas
of
stretch
oriented, iodine contain
rescent layer 54 and one sheet 52 was coated with non ing polyvinyl butyral 74 between
two 0.015 inch (0.375
fluorescent yellow tinting solution 56, both coatings 60 mm) layers of cellulose acetate butyrate
76. This lami
being made using a draw down technique. These coat nate was then immersed in a solution containing
0.8 g
ings were then oven dried for 15 minutes at 82 C., with cellulose acetate butyrate, 4.2 g cellosolve acetate, 4.2g
both coatings having a dry thickness of about 0.02 mm. methyl ethyl ketone, 4.5 g diacetone alcohol, 12.9 g
The two coated sheets were then laminated, coated side methanol and 0.009 g pure, stable, Eastman Kodak
to coated side, using an optical grade polyvinyl-acetate 65 Laser Catalogue #14375 oxazine 170 perchlorate to
alcohol adhesive, not shown, which joined, but sepa provide fluorescent material containing coating 78
rated fluorescent layer 54 and yellow-tinted layer 56 to about 0.002 mm thick. After oven drying coatings 78 for
produce optical filtering element 58.
15 minutes at 82 C. the element was wash coated and
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the solvent, and thus the dye may be imbibed into the
thermoplastic material for some depth. Therefore, the

tinted by immersion in a solution containing 31 ml wa
ter, 69 ml methanol, 10 ml isopropyl alcohol, and 100 ml
Schwartz Chemical Company Emerald Green Rez-NDye, the element being withdrawn slowly and evenly

from the solution over a 30 second time period. The

effect of the timed withdrawal of the element from the

solvents and plastics should be selected so that the total

of imbibition and coating thickness does not exceed

5 about 1 mil.

Although the invention has been particularly de
scribed and shown with reference to preferred embodi
ments therein, it will be understood by those skilled in

wash coating was to create variable thickness coatings
80 of variable tint and color absorption similar to some
such elements in common commercial sunglass use.
EXAMPLE XI

O

The following composition is highly preferred and is
especially suited for use in the production of the lens of
FIG. 8. However, by varying the solvent system, con
centrations, and other components of the composition, 15
it can be used to form any of the optical systems taught
herein. A solution of 20 cc. of spectro grade dimethyl
formamide and 0.16 g of fluorescent laser grade cresyl
violet 670 perchlorate, 0.05 g fluorescent laser grade
nile blue 690 perchlorate and 0.55 g fluorescent laser 20
grade Fluoral 555, all of which are available from Exci
ton. Chemical Company. To this solution was added 10
cc. of N-methyl-2-pyrrolidinone and 70 cc of spectro
grade m-xylene. For use as a dip coating, the solution
was heated to about 50 C. and, for example, a clear 25
methyl methacrylate lens is inserted into and then im
mediately removed from the solution. However, if de
sired the lens can be withdrawn at a uniform rate, in the
range of say about 2 to 20 cm per minute to achieve a
gradient color effect on the lens. After withdrawal from 30
the solution the lens is dried in an oven for about 30
minutes at about 82 C. to produce a final coating less
than about 0.025 mm thick. The lenses produced from
this composition were of a high quality, non-reflective,
transparent nature. Color perception through the lenses 35
was not lost, and in fact appeared to be enhanced.
EXAMPLE XII

As in Example XI, this composition is highly pre
ferred and can be used for dip coating to produce the
lens of FIG. 8 or in other optical systems. The composi
tion includes 0.165 g laser grade fluorescent cresyl vio
let perchlorate, 0.05 g laser grade fluorescent nile blue
A perchlorate, 0.525 g laser grade fluorescent Fluoral
555, 20 cc spectro grade dimethylformamide, 10 cc
deuterium oxide (D2O) and 60 cc of N-methyl-2-pyr
rolidinone. When used for dip coating it is first heated
to about 50° C. and the coated lens subsequently dried
as in Example XI.
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the art that the foregoing and other changes in form and
detail may be made therein without departing from the
spirit and scope of the invention.
We claim:

1. A substantially solid, dry, substantially transparent
optical filter element which absorbs, on the average,
from about 10% to about 99%, and transmits, on the
average, from about 90% to about 1% visible radiation
having wavelengths in the range of about 400 nm to
about 700 nm including: optical means, said optical
means including at least one substantially discrete fluo
rescent means having two opposed surfaces, said fluo
rescent means including fluorescent material which is
substantially stable and which has the ability to absorb
transversing visible radiation of one or more wave
lengths which is incident on one surface of said fluores
cent means and then to emit visible radiation from its

opposed surface, substantial amounts of said emitted
radiation being at different wavelengths than the radia
tion absorbed, said fluorescent means being of a thick
ness of no greater than about 1 mil (0.0254mm) between
its opposed surfaces so that the incident side of said
fluorescent means does not scatter, reflect or emit sub

stantial amounts of radiation; and non-fluorescent opti
cal means substantially parallel and in light transmitting
optical relationship to said optical means.
2. The optical filter element of claim 1 wherein the
stable fluorescent material is selected from the group of
dyes consisting of light stable oxazine, light stable car
bazine and light stable carbopyronin represented by the
following generic structural formula:
R9

R8

R10
45

E

R1

N
R

It will be understood that the disclosed and other 50

R7

2

/

6

N-Z-

/
R3

O

R4

N

R
Rs

R8

fluorescent materials may be used in any of the optical

R7

element configurations disclosed herein. It is to be fur
ther understood that any of the fluorescent materials
disclosed, or other fluorescent dyes or combinations of
fluorescent dyes and other dyes, opacifiers and/or po 55
larizing elements can be used in a single optical filter

B

R4

element.

In all of the foregoing examples, the fluorescent mate
rial appeared to have a critical thickness, beyond which
the optical element gave off a distasteful fluorescent
glow or reflection. This unexpected problem has been
overcome in the present invention by controlling the
thickness of the fluorescent layer. Generally, a thick
ness of about 1 mil (0.0254 mm) or less will avoid this
problem. It should be noted that the thickness of the
fluorescent layer may be more than a function of the
thickness of the coating. Where the substrate is thermo
plastic material and the dye system includes solvents,

wherein:
60

65

R1, R2, R5, and R6 each represent a member selected
from the group consisting of a hydrogen atom; a
lower alkyl radical; a lower alkoxy radical; a lower
alkyl radical containing one solubilizing substituent
from among the group -SO3H, -COOH, -OH,
and -NH2; and R1 and R10, R2 and R3, R5 and R4,
and R6 and R7 each represent a pair of atoms
which, when taken together, represent the carbon
atoms necessary to complete a fused 5-, 6-, or 7
membered heterocyclic ring;

4,320,940
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R3, R', R7, R8, R9, and R10 each represent a member
selected from the group consisting of a hydrogen
atom; a lower alkyl radical; a lower alkoxy radical;
an aryl group; a halogen atom; and R7 and R8, and
R9 and R10 each represent a pair of atoms which,

when taken together, represent the carbon atoms
necessary to complete a fused 5- and 6-membered
carbocyclic or heterocyclic ring;
Z- represents an anion;
A represents an atom selected from the group consist
ing of oxygen; sulfur; and selenium;
B represents a member selected from the group con
sisting of a hydroxyl radical; a thiol radical; a sele
nol radical; and an amine radical;
D represents a member selected from the group con
sisting of an oxygen atom; a sulfur atom; a selenium

N
21

H5C2
O

radical; an alkoxy radical; a thioalkyl radical; C-1

15

20

and C-5 of 3-oxo-1, 4-pentadiene; and C-2 and C-6
of 4-oxo-3, 5-dimethyl-2, 5-heptadiene;
E represents a member selected from the group con
sisting of a nitrogen atom; a phosphorous atom; a

carbon atom with one additional substituent se 25

lected from the group consisting of a hydrogen
atom; a lower alkyl radical; a one to three ring aryl
radical; a heterocyclic ring; C-2 of a benzoic acid
radical; and C-2 on the aromatic ring of an ethyl

benzoate radical.

/

O

N

N

H

Z

wherein Z is C104.

atom; and a carbon atom with two additional sub

stituents each being a member selected from the
group consisting of a hydrogen atom; a lower alkyl

H5C2

H
N+

30

3. The optical filter element of claim 2 wherein the
stable fluorescent material is cresyl violet perchlorate
having a structure and formula of:

8. The optical filter element of claim 7 wherein said
non-fluorescent means is means for tinting said element.
9. The optical filter element of claim 1 wherein the
stable fluorescent material is oxazine 170 perchlorate
having a standard chemical name of:
9-ethylamino-5-ethylimino-10-methyl-5H benzo(a)phenoxazonium perchlorate.
10. The optical filter element of claim 9 wherein said
non-fluorescent means is means for tinting said element.
11. The optical filter element of claim 1 wherein said
non-fluorescent means is means for tinting said element.
12. The optical filter element of claim 11 wherein said
tinting means is yellow.
13. The optical filter element of claim 12 wherein said
tinting means renders said optical filter element yellow,
yellow-green, green, green-grey or grey.
14. The optical filter element of claim 12 wherein said
non-fluorescent means renders the visible light absorp
tion characteristics of said element more uniform across
the visible spectrum than it would be with only said
fluorescent means.

35

15. The optical filter element of claim 1 wherein said
fluorescent means includes substantially only light sta
ble fluorescent material and wherein non-fluorescent

tinting means are present in combination with said opti
cal filter element, but separate from said stable fluores

N

HQ JOI
N--

O

H^

N

-H

40 cent material.

Yi

Z

45

wherein Z is C104

4. The optical filter element of claim 3 wherein said
non-fluorescent means is means for tinting said element.
5. The optical filter element of claim 4 wherein said
fluorescent perchlorate having a structure and formula
of:

55

N

H5C

5 N: JOI
/

O

50
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H

16. The optical filter element of claim 1 wherein said
non-fluorescent means is means for polarizing light.
17. The method of making the optical filter element
of claim 1 including the steps of:
dissolving said fluorescent means and a compatible
non-interfering solvent; and then
forming said combination into an optical element.
18. The optical filter element of claim 1 wherein said
optical means further includes a transparent substrate
having two opposed surfaces, said transparent substrate
and fluorescent means being substantially parallel and in
light transmitting optical relationship to one another.
19. The optical filter element of claim 18 wherein said
fluorescent means is present as a coating on at least one
surface of said transparent substrate.
20. The optical filter element of claim 19 wherein said
fluorescent means includes substantially only light sta
ble fluorescent material and wherein non-fluorescent

N

H

60

tinting means are present in combination with said opti
cal filter element, but separate from said stable fluores

cent material.

wherein Z is C104.

6. The optical filter element of claim 5 wherein said
tinting means is yellow.
7. The optical filter element of claim 2 wherein the
stable fluorescent material is nile blue A perchlorate
having a structure and formula of:

65

21. The method of making the optical filter element
of claim 19 including the steps of:
dissolving said fluorescent means in a non-interfering
solvent; and then

coating said solution on at least one surface of said
transparent substrate.
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22. The method of claim 21 wherein a non-interfering
light transmitting binder material is combined with said
dissolved fluorescent material prior to coating.
23. The optical filter element of claim 18 wherein said
fluorescent means is present as a film associated with at

least one surface of said transparent substrate.
24. The optical filter element of claim 23 wherein said
fluorescent means includes substantially only light sta
ble fluorescent material and wherein non-fluorescent
tinting means are present in combination with said opti

20
tinting means are present in combination with said opti
cal filter element, but separate from said stable fluores

cent material.
5

10

cal filter element, but separate from said stable fluores

cent material.

25. The optical filter element of claim 18 wherein said
fluorescent means is present as a substantially discrete
layer imbibed in one surface of said optical element.
26. The optical filter element of claim 25 wherein said

27. The method of making the optical filter element
of claim 25 including the steps of:
dissolving and combining said fluorescent means and

a non-interfering light transmitting binder material
in a non-interfering solvent;
casting said solution on a surface;
drying said cast solution to form a film;
removing said film from said surface; and then
associating said film with said transparent substrate.

28. The method of claim 27 wherein said fluorescent
means is dichroic and wherein said film is stretched
5

uniaxially to form a light polarizing sheet.

w

29. Human eyewear wherein the optical portion of
said eyewear
includesk the
optical
means
of claim 1.
k
:k
sk
k

fluorescent means includes substantially only light sta

ble fluorescent material and wherein non-fluorescent
20
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